A new extended spectrum /Mactamase was detected in Serratia marcescens 42039 that was isolated from urine of patients with complicated urinary tract infection in Japan. This strain produced three different /Mactamase types (TEM-1, a cephalosporinase, and a new /Mactamase: CKH-1). The TEM-1and CKH-1 encoding genes were conjugated from S. marcescens 42039 to Escherichia coli K-12 at frequencies of 10~5 to 10~6. The MICs of /Mactams against the transconjugant were: ampicillin > 1600, piperacillin 800, cephalothin 1600, ceftazidime 6.25, cefotaxime 100, and ceftriaxone 200/zg/ml. The CKH-1 enzyme was purified to more than 90% by ion-exchange chromatography. The molecular weight of purified CKH-1was 30 K dalton and the isoelectric point was 8.2. Relative Vmax/Xm values (cephaloridine=100) of penicillin G, cephalothin, and oxyiminocephalosporins such as cefuroxime, ceftriaxone, and cefotaxime, were 256, 226, 1 16, 87, and 49, respectively. The I50 values of tazobactam, BRL-42715, and clavulanic acid against CKH-1 enzyme were 0.0011, 0.0002, and 0.097^m, respectively. The enzymatic activity of CKH-1was not inhibited by EDTAand anti-TEM-1 serum. These findings indicate that CKH-1is a member of the groups of class A /Mactamases. This is the first report of a plasmid-mediated oxyiminocephalosporin hydrolyzing broad-spectrum /Mactamase from clinical isolates of S. marcescens.
are being reported all around the world1~5). In Japan however, only three studies on extended /Mactamases from clinical isolates have been reported6~8). These enzymesare different in type from those found in Europe and the United States. Their /Mactamases in Japan were metallo-enzymes belonging to Ambler class B9) or plasmid-mediated cephalosporinase included in class C6).
Wehave identified an extended-spectrum /Mactamase from clinical isolates of Serratia marcescens which belongs to class A10). S. marcescens isolates usually produce a chromosomal class C /Mactamase with predominant cephalosporinase activity1 1}. This enzyme is generally expressed inducibly but may become stably derepressed via mutation.
Plasmid-mediated /Mactamases, particularly the TEM-1 enzyme, also occur frequently in S. marcescens strains12), causing resistance to penicillins and older cephalosporins, marcescens, and identified a /Mactamase which hydrolyzes oxyiminocephalosporins such as cefuroxime, cefotaxime, and cefmenoxime as well as cephaloridine.
The biochemical properties of this enzyme were different from those of chromosomal cephalosporinases from S. marcescens1^. We confirmed that this enzyme was plasmid mediated and was similar to those of oxyiminocephalosporinase type I1 5). Plasmid molecular weight was determined by comparison with the fragment of a Hindlll digest of bacteriophage lambda DNA(Takara, Japan).
Materials and Methods

/?-Lactamase Extraction and Purification
Anovernight culture was grown in Mueller-Hinton broth (Difco), diluted 100-fold into 5 liters of the same broth and incubated at 37°C with shaking for 4 hours. Cells were harvested by centrifugation at 15,000 x g for 15 minutes at 37°C, washed once with 50mMphosphate buffer (pH 7.0), suspended in the same buffer at 200 times their original density, disrupted by sonication, and DEC. 1995 the cellular debris were removed by centrifugation (15,000 x g, 15 minutes, 4°C). The crude extracts were centrifuged for 30 minutes at 15,000xg at 4°C, and streptomycin (2% w/v) was added to the supernatant which was dialyzed overnight against distilled water, and a 40 to 80%ammoniumsulfate precipitate was dialyzed against 10mMphosphate buffer (pH 6.0). The dialysate was applied to a carboxymethyl SephadexC-50 column, and the columnwas equilibrated in 10mM phosphate buffer (pH 6.0). The enzyme was eluted with a linear gradient of NaCl (0 to 1 m) in the same buffer.
Molecular Weight Measurement
Molecular weight of CKH-1 was determined by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE). Purified enzyme and marker proteins (Pharmacia, Uppsala, Sweden) were treated with 1% sodium dodecyl sulfate -3% jS-mercaptoethanol at 100°C for 2 minutes and subjected to electrophoresis in a 16% polyacrylamide gel with a current of 30mAfor 4 hours at roomtemperature.
Isoelectric Focusing
Crude /Mactamase extracts and purified /Mactamase were subjected to isoelectric focusing on pH 3.5 to pH 9.5 polyacrylamide gels (Pharmacia) for 1 hour at 15 W of constant power on flatted apparatus (KS-8300; Malisor, Japan) at 10°C. The /Mactamases were visualized by overlaying the gel with nitrocefln solution (0.125%) in 100him phosphate buffer (pH 7.0)17). 
Transfer of Cephalosporin Resistance
Cephalosporin-resistant transconjugants were obtained at frequencies of 10"5 to 10"6. All transconjugants had two jS-lactamases with pis 5.4 (TEM-1) and 8.2
(CKH-1). No transconjugants with a pi 8.2 /Mactamase wereobtained.
Identification of Plasmid DNA Plasmid DNAwas purified from donor and transconjugant and analyzed by agarose gel electrophoresis. Donor and transconjugant had the same size of plasmid, PCKH-l. The PCKH-l plasmid was estimated to be about lOOkbps and the PTEM-1 plasmid was estimated to be about 45 kbps. Isoelectric focusing revealed that S. marcescens 42039 had /Mactamase activity at pis 5.4, 8.2 and 8.9. E. coli CKT-10 and CKT-1 1 had jS-lactamase activity at pis 5.4 and 8.2 (Fig. 1) . Therefore, S. marcescens 42039 possesses three /Mactamases, one is the chromosomal cephalosporinase (pi 8.9) and the other two correspond to the transferred extended-spectrum /Mactamases CKH-1 (pi 8.2) and TEM-1 (pi 5.4). DEC. 1995 Kinetic parameters of the CKH-1 /Mactamase and TEM-1obtained from a culture of E. coli CKT-10 were subsequently determined (Table 3 ). The TEM-1 (pi 5.4) and CKH-1 (pi 8.2) enzymes purified from E. coli CKT-10 differed markedly in their hydrolytic properties. The former enzyme (which was not purified to homogeneity) showed a pattern similar to that of the TEM-1enzyme of Enterobacteriaceae, having a relative Vmaxvalue for penicillin G that was 223% of that of cephaloridine2). On the other hand, the Vmax/Xmvalue of the CKH-1 (pi 8.2; CKH-1) was high for cefuroxime, The Vmax/Xm value against cefoperazone was also greater than that of cephaloridine, despite of having a lower Vmaxvalue than ceftizoxime and ceftazidime. The enzyme did not extensively hydrolyze cephamycins (cefmetazole and latamoxef). This substrate profile resembles that of FEC-1 from E. coli isolated in the fecal flora of dog19), chromosomal enzyme from Proteus vulgaris20\ Proteus penneri2 1\ Klebsiella oxytoca22\ and Bacteroides spp.23) and could thus be classified into the oxyiminocephalosporinase type I15) and class 2e.
Purification of jS-Lactamase By ion-exchange chromatography, the pi 5.4 and pi 8.2 /?-lactamases which were produced by E. coli were separated at the lOOmM and 360mM NaCl concentration, respectively. The pi 8.2 enzymewas more than 90% homogeneous (Fig. 2) even by column chromatography.
SDS-PAGE indicated that its mo- E. coli CKT-10 harboring CKH-1 was highly resistant to cefotaxime and ceftriaxone but not to ceftazidime. SHV-5 hydrolyzed ampicillin and piperacillin more than cephalothin25), however, CKH-1 hydrolyzed cephalothin morethan ampicillin. These observations suggest that Culuture was preincubated for 5 minutes.
CKH-1 and SHV-derivatives are different types of jtf-lactamases. CMY-1, CMY-2 and MIR-1, alkaline pi /Mactamase producing bacteria, were resistant to cefotaxime and cephamycins such as cefoxitin and cefmetazole. The susceptibilities of cefoxitin and cefmetazole were not completely recovered by clavulanic acid or tazobactam26). E. coli CKT-10 was susceptible to cefmetazole. The hydrolyzing characteristics of CKH-1were similar to those of chromosomally encoded /Mactamases (class 2e3)) from P. vulgaris20\ P. penneri21\ K. oxytoca22\ and Bacteroides spp.23). The CKH-1 and FEC-1 19) enzymes were plasmid-mediated.
The CKH-1 enzymehas characteristics very similar to those from FEC-1, concerning pi, substrate profile and inhibitor profile. They differed in origin; CKH-1 was a clinical isolate of S. marcescens and FEC-1was a laboratory isolate of E. coli, and their molecular weights, the former is 30,000 and the later is 48,000.
S. marcescens 42039 produced three different /?-lactamases and was resistant to broad spectrum cephalosporins.
CKH-1 represents the first report of plasmid-mediated oxyiminocephalosporin hydrolyzing broad-spectrum /Mactamase (class 2e) from clinical isolates of S. marcescens. Based on these data, care should be executed in therapy by cephalosporins alone, because S. marcescens, which produces three types of /Mactamases such as cephalosporinase, TEM-1 and CKH-1, is resistant to all /Mactams except carbapenems. The CKH-1 gene was also transferable to E. coli at high frequency. Therefore, CKH-1 may be a cause for failure of therapy of gram-negative bacterial infections by extended-spectrum cephalosporin alone.
